Synthesis, anionophoric activity and apoptosis-inducing bioactivity of benzimidazolyl-based transmembrane anion transporters.
In this paper we show that a series of 1,3-bis(benzimidazol-2-yl)benzene (m-Bimbe) derivatives exhibit excellent performance as transmembrane anion transporters with anticancer activity. The transport efficiency of m-Bimbe and its derivatives has been firstly optimized by adding a strong electron-withdrawing nitro group at the 5-position of the central phenyl subunits to enhance the CH···anion interactions. Evidences for the interactions were obtained from ESI MS, spectrophotometric and 1H NMR titrations. These compounds exhibit potent anionophoric activity in both liposomal models and live cells. In particular, the 5-nitrated derivatives having nitro or trifluoromethyl groups at the benzimidazoloyl subunits exhibit 2370- and 1721-fold enhanced anionophoric activity with the EC50 values as low as 36 and 50 nM, respectively. These compounds can disturb the cellular homeostasis of chloride anions, modify the intracellular pH and induce the basification of acidic organelles. Most of this series of m-Bimbe derivatives exhibit potent cytotoxicity toward the tested human solid tumor cell lines, and the 5-nitrated derivative bearing trifluoromethyl groups at the benzimidazoloyl subunits is the most active with the IC50 value in the low micromolar range. Mechanistic studies suggest that the transport of chloride anions across the cellular membranes plays a critical role in the cytotoxic effect and these compounds induce cell death probably via an apoptotic process.